A red-pigmented, non-motile, Gram-stain-negative, rod-shaped bacterium, strain R2-28 T , was isolated from a soil sample collected from Ardley Island, South Shetland Islands, Antarctica, and was characterized taxonomically by using a polyphasic approach. The organism grew optimally at 18 8C in TSB. On the basis of phylogenetic analyses of the 16S rRNA gene sequence, strain R2-28 T was most closely related to the genus Pedobacter of the family Sphingobacteriaceae.
The genus Pedobacter and the family Sphingobacteriaceae were described by Steyn et al. (1998) . Subsequently, the description of the genus has been emended by Vanparys et al. (2005) , Hwang et al. (2006) , Gallego et al. (2006) and Zhou et al. (2012) . At the time of writing, the genus Pedobacter comprised 46 species. All members of the genus are obligately aerobic, non-endospore-forming, Gram-stain-negative rods that lack flagella and are negative for urease, gelatinase and indole production (Margesin & Zhang, 2013) . All members of the genus Pedobacter contain menaquinone 7 (MK-7) as the major respiratory quinone and have DNA G+C contents in the range 36-45 mol%. Furthermore, they have been confirmed to possess phosphatidylethanolamine and sphingolipids (Zhou et al., 2012) . Members of the genus Pedobacter have been isolated from various terrestrial and aquatic environments such as soil, drinking water, activated sludge, glacier cryoconite, glacial water, a nitrifying inoculum, a hypertrophic pond and sediment (Hwang et al., 2006; An et al., 2009; Gallego et al., 2006; Kwon et al., 2007 Kwon et al., , 2011 Lee et al., 2009; Luo et al., 2010; Margesin et al., 2003; Roh et al., 2008; Shivaji et al., 2005; Tang et al., 2010; Vanparys et al., 2005) . In this study, an Antarctic bacterial isolate was subjected to a polyphasic analysis and was identified as a novel member of the genus Pedobacter.
The soil sample was collected from a penguin colony on Ardley Island, Antarctica (628 12.6889 S 588 55.7289 W). At the time of sampling, the soil had a pH of 6.0 and a temperature of 3.0 8C at 5 cm below the surface. There were many lichens and mosses at/the site of sampling. The soil sample was suspended thoroughly in distilled water containing 0.85 % (w/v) NaCl and serially diluted and spread on 0.36 R2A agar (BD) at 4 8C. After incubation for 20 days, over 40 colonies were isolated. Strain R2-28 T was cultured on trypticase soy agar (TSA; BD) at 18 8C for 4-7 days and then subcultured on TSA slant cultures at 18 8C and stored by lyophilization.
Genomic DNA was prepared by the method of Sambrook et al. (1989) . The 16S rRNA gene of strain R2-28
T was amplified by PCR with bacterial universal primers 27f and 1492r (Dorsch et al., 1992) , and the PCR products were sequenced by Invitrogen Biotechnology. Similarity searches with the derived sequence were performed via the EzTaxon-e server (Kim et al., 2012) . Further phylogenetic analysis was performed by using the software package MEGA version 5.0 (Tamura et al., 2011) after multiple alignment of the data using the SILVA incremental aligner (SINA; http://www.arb-silva.de). Clustering and phylogenetic tree reconstruction were performed by using the neighbourjoining (Saitou & Nei, 1987) , minimum-evolution and maximum-parsimony (Fitch, 1971 ) methods with bootstrap values based on 1000 replications (Felsenstein, 1985) . Kim et al. (2013) , the name 'Pedobacter zeaxanthinifaciens ' has not yet been validly published. The topologies of the minimum-evolution and maximum-parsimony trees were essentially the same as that of the neighbour tree. On the basis of the phylogenetic data, it is obvious that strain R2-28
T should be classified in the genus Pedobacter. In order to determine the exact taxonomic position of the isolate, [N. ] zeaxanthinifaciens KACC 14260 T , Pedobacter alluvionis LMG 24260
T and the type strain of the type species, Pedobacter heparinus DSM 2366 T , were selected as reference strains and a polyphasic approach was followed.
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Growth was evaluated at 18 8C on R2A agar, TSA, marine broth 2216 agar (MA) (all from BD) and LB agar (10 g peptone, 5 g yeast extract, 10 g NaCl, 1000 ml distilled water, pH 7.0). Growth at 4, 10, 18, 25, 28 and 37 8C was measured on TSA for 2 weeks. Tolerance of NaCl for growth was determined at 0, 1, 2, 3, 4, 5 and 10 % (w/v) in tryptic soy broth (TSB; BD). The pH range for growth was investigated by using filter-sterilized TSB adjusted to pH 4.0-11.0 by using the following buffer systems: pH 4.0-5.0, 0.1 M citric acid/0.1 M sodium citrate; pH 6.0-8.0, 0.1 M KH 2 PO 4 /0.1 M NaOH; pH 9.0-10.0, 0.1 M NaHCO 3 / 0.1 M Na 2 CO 3 ; pH 11.0, 0.05 M Na 2 HPO 4 /0.1 M NaOH.
Gram staining was performed according to the classical Gram procedure described by Doetsch (1981) . Cell morphology was examined by phase-contrast (Olympus BX51) and transmission electron (Hitachi H-8100) microscopy. Gliding motility was investigated as described by Bowman (2000) . Growth under anaerobic conditions was evaluated after incubation in a GasPak (Oxoid) for 1 month at 18 8C on TSA supplemented with 0.1 % (w/v) potassium nitrate. Heparinase activity was detected as described by Zimmermann et al. (1990) . Oxidase activity was evaluated via the oxidation of 1 % p-aminodimethylaniline oxalate, and catalase activity was determined by assessing bubble production in 3 % (v/v) hydrogen peroxide solution. Starch (1.0 %, w/v), casein (1.0 %, w/v), tyrosine (1.0 %, w/v), DNA (0.2 %, w/v) and Tweens 20, 40, 60 and 80 (each at 1.0 %, v/v) were added separately to TSA plates to evaluate the corresponding degradation abilities, as described by Smibert & Krieg (1994) . Hydrolysis of xanthine and guanine was evaluated by adding 0.3 % (w/v) xanthine and 0.05 % (w/v) guanine to TSA plates. The presence of flexirubin-type pigments was evaluated as described by Bernardet et al. (2002) . Susceptibility to antibiotics was tested on TSA plates by using antibiotic discs (diameter, 6.35 mm) containing the following antibiotics: chloramphenicol (30 mg), streptomycin (10 mg), kanamycin (30 mg), penicillin G (10 mg), novobiocin (5 mg), neomycin (30 mg), gentamicin (10 mg), tetracycline (30 mg), cephalothin V (30 mg), cephalothin IV (30 mg), sulfamethoxazole/trimethoprim (1.25 mg), ampicillin (10 mg), polymyxin B (30 mg), vancomycin (30 mg), clindamycin (2 mg) and carbenicillin (100 mg) (Bauer et al., 1966) . Any sign of an inhibition zone indicated that the strain was sensitivity to that antibiotic. Additional enzyme activities and biochemical properties were evaluated by using API 20NE, API ZYM, API 20E and API 50CH systems (bioMér-ieux) according to the instructions of the manufacturer.
Cells of strain R2-28
T were Gram-stain-negative, non-endospore-forming, non-motile, aerobic rods (0.3-0.461.0-4.0 mm). Growth occurred on R2A agar, TSA, MA and LB agar. Colonies were deep red, circular, convex, shiny and slimy on TSA plates after 7 days of incubation at 18 8C. The temperature range for growth of strain R2-28 T was 4-25 8C (optimum, 18 8C). Growth occurred at pH 6.0-9.0 (optimum pH 7.0) in TSB without NaCl supplementation. Catalase and oxidase tests were positive, but heparinase activity was negative. Tweens 20, 40 and 60 and starch were hydrolysed, while Tween 80, DNA, casein, tyrosine, xanthine and guanine were not. Flexirubin-type pigments were absent. The strain was sensitive to chloramphenicol, novobiocin, tetracycline, cephalothin V, cephalothin IV, sulfamethoxazole/trimethoprim, clindamycin and carbenicillin, but not to streptomycin, kanamycin, penicillin G, neomycin, gentamicin, ampicillin, polymyxin B or vancomycin. Other phenotypic properties that differentiate strain R2-28
T from the type strains of related species are listed in Table 1 .
The DNA G+C content of strain R2-28 T was determined by HPLC (UltiMate 3000; Dionex) according to the method of Mesbah et al. (1989) . Respiratory quinones were extracted and identified by HPLC (UltiMate 3000; Dionex) as described by Xie & Yokota (2003) . For cellular fatty acid analysis, strain R2-28 T and the reference strains were cultured on TSA plates at 20 8C. The physiological age of the four cultures was standardized according to the protocol given by the Microbial Identification System (MIDI) (http://www.microbialid.com/PDF/TechNote_101.pdf). The cellular fatty acids were extracted and analysed by GC (6890N; Agilent) according to the protocol of the Sherlock MIDI System (version 6.0, MIDI database TSBA6) (Sasser, 1990) . For polar lipid and sphingolipid analysis, polar lipids were extracted and analysed by two-dimensional TLC (silica gel plates, layer thickness 0.2 mm; Merck) as described by Tindall (1990) , while sphingolipids were extracted and analysed according to Kato et al. (1995) .
The DNA G+C content of strain R2-28 T was 39.9 mol%, within the range of 36-45 mol% reported for representatives of the genus Pedobacter (Margesin & Shivaji, 2011) . Menaquinone 7 (MK-7) was the only respiratory quinone of strain R2-28 T , which is in line with all other members of the family Sphingobacteriaceae (Margesin & Zhang, 2013) . The major fatty acids of strain R2-28 T were summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 27.7 %), iso-C 15 : 0 (25.9 %), anteiso-C15 : 0 (9.8 %) and iso-C 17 : 0 3-OH (6.0 %), a profile that is characteristic of members of the genus Pedobacter (Luo et al., 2010) . However, strain R2-28 T contained higher percentages of anteiso-C 15 : 0 (9.8 %) and C 15 : 1 v6c (4.2 %) compared with related reference strains. A comparison of the fatty acid profiles of strain R2-28 T and the reference strains is shown in Table S1 , available in the online Supplementary Material. The major polar lipids of strain R2-28 T were phosphatidylethanolamine and sphingolipid, confirming the characteristics of the genus Pedobacter (Zhou et al., 2012) . In addition, two unknown polar lipids and three unknown aminolipids were observed (Fig. S1 ).
On the basic of the data presented from our phylogenetic, phenotypic and chemotaxonomic analyses, the characteristics of strain R2-28 T are consistent with the description of the genus Pedobacter. However, the features of strain R2-28 T were different from those of other species of Pedobacter. Therefore, we suggest that strain R2-28 T represents a novel species of the genus Pedobacter, for which the name Pedobacter ardleyensis sp. nov. is proposed.
Description of Pedobacter ardleyensis sp. nov.
Pedobacter ardleyensis (ard.ley.en9sis. N.L. masc. adj. ardleyensis from Ardley Island, referring to the site where the type strain was isolated). Steyn et al. (1998) .
